Abstract: In this research, a specific category of construction technologies, e.g., formwork, is selected for case study. 40 invention principles and 39 engineering parameters were applied with contradiction matrix to find out the "improving" and "deteriorating" parameters for a design case. By consulting the contradiction matrix, innovative principles can be found. It is concluded that TRIZ provides an effective approach for improvement of construction problem solving in terms of time and cost. Moreover, the principles identified by TRIZ also assist the construction technology researchers in searching direction for technology advancement. Forty innovative principles of TRIZ are used in this article to analyze the patents of formwork engineering in the construction industry in Taiwan and to investigate current innovative trend, besides, contradiction matrix is used to investigate the innovative concept of operability and automation demand of formwork.
MOTIVATION
Construction industry is a labor-, technology-, variance-, and complication-intensive industry. There are patents of new material and construction method generated continuously to improve the cost and quality. Generally, the newly created concepts or ideas are sudden ideas. Usually a new invention is neither practical nor systematic enough to consider all aspects of a thing. As a result, the original thought of a new invention is difficult to be realized. It is desirable to develop systematic approach for patent analysis to expedite the invention of new material and construction method for the construction industry.
Therefore, this article presents the result of a research applying the forty inventive principles of TRIZ (Theory of Inventive of Problem Solving) to analyze the patented formwork technologies in Taiwan. By analyzing the evolution trends of formwork patents with TRIZ principles, one can easily generate new ideas for invention. Finally, the contradiction matrix of TRIZ is used to provide innovative concept for future advancement of formwork in construction industry based on innovative development of operability and automation.
The rest of this paper will be presented in the following manner: Section 2 reviews previous works related to the issues in this papers; Section 3 describes the patent searching for formwork technologies; in Section 4, TRIZ is applied for formwork patent analysis to suggest innovation directions; conclusions are drawn in Section 5.
RESEARCH BACKGROUND

The innovation of construction industry
Construction innovation in particular may increase social benefits by reducing the costs of constructed facilities and making them affordable for a greater proportion of the population. Innovations also improve the technical feasibility of construction projects that would otherwise appear beyond the technological barrier. They may also provide intangible benefits for companies in terms of better competitiveness and improved reputation [1] .
According to Slaughter, an innovation does not necessarily mean an invention. By contrast, it does not require a detailed design, a physical manifestation, nor to be novel with respect to the existing arts, but just a creative institution [1, 2] .
The direction of innovative development in construction industry usually focuses on the innovation of the building or the location of production, production means, materials and systems design, etc. Major factors of consideration in construction innovation are usually cost, time and performance [3] .
Toole proposed a model for technological trajectories influence new product diffusion as shown in Fig. 1 , where the technology innovation starts with new location of work, new means of production, new materials, and new system design; following that, advantages in cost, time and performance are achieved; finally, diffusion of innovation happens.
Fig. 1. Technological Trajectories Influence New
Product Diffusion [3] 2.2 Formwork technology Formwork, by definition of ACI 116R, is "the total system of support for freshly placed concrete including the mold or sheathing that contacts the concrete as well as all supporting members, hardware, and necessary bracing" [14] . Formwork is one of the most cost-intensive items of concrete work. It may cost as much as 60% of the total cost of the concrete in place [14] . The cost of formwork sometimes exceeds the cost of the concrete and reinforcement for the structure. Labor cost is the most important item of formwork costs, which may cost more than 30% of the overall concrete cost. Many innovative formwork technologies have been developed to reduce labor and material costs. All of the developed methods involve construction equipment such as cranes, jacks, and in-house manufacturing equipment or additional prefabrication processes. Involvement of additional equipment and fabrication processes in the new formwork methods results in the additional cost (compared with the conventional formwork method). Constructability analysis should be performed to select the most appropriate formwork technology for a given project scenario in order to achieve better project performance.
Theory of Inventive Problem Solving (TRIZ)
TIPS is the acronym for "Theory of Inventive Problem Solving," and TRIZ is the acronym for the same phrase in Russian. TRIZ was developed by Genrich Altshuller and his colleagues in the former USSR starting in 1946, and is now being developed and practiced throughout the world [4] . Altshuller believed that traditional process for increasing creativity suffers a major flaw that their usefulness decreases as the complexity of the problem increases. Altshuller determined to improve the inventive process, which led to the creation of TRIZ [5] . He studied more than 400,000 patents while deriving this theory. To date, TRIZ specialists have analyzed approximately 2 million patents. The analysis of these patents in different engineering areas resulted in several important discoveries, which form the theoretical basis of TRIZ and can be summarized as follows: Technological systems evolve not "accidentally" but in accordance with certain patterns. This pattern can be used to solve difficult problems, forecast the evolution of the evolution of technological systems, and create and enhance the tools used for inventive problem solving. Examples of these tools are trend of evolution, contradiction matrix, physical contradiction resolution principles, substance and field analysis, and ideal final result.
The 40 Principles have a remarkably board range of application; they even work in business environments. These principles are so powerful that simply looking at the list often stimulates several new ideas. To appreciate the power of the principles, select one at random and think of all the related applications you have actually experienced. Next, take any product and see which principle(s) would cause an improvement. The forty innovative principles of TRIZ are as shown in Table 1 [5, 6] and the 39 engineering parameters are as shown in Table 2 . Contradiction Matrix is a table of 39 design parameters, which answers the question of how we can face an unfamiliar conflict by offering 1201 generic problems that were solved using at least one of 40 generic principles .The table offers several principles frequently used to solve analogous problems. The problem solver can then concentrate on adapting these principles to the innovation problem considered [5] . The 40 Principles in TRIZ are used in this article to analyze the formwork patents in the construction industry, the inventive principle used in each patent is investigated. Finally, the inventive principle used in each category of patent is summarized and the inventive principles used in the formwork patents are displayed. The future formwork innovation idea is suggested. The contradiction matrix table is used to summarize the inventive principles of the parameters to be improved so that the future development trend in the formwork innovation is recommended. [7] is used for patent classification in this paper. The IPC classifies patent into 8 Sections, the descriptions are as in Table 3 . The formwork investigated in the study belongs to IPC Section E, its Class number is E04G009, and includes about 176 patents ended in year 2005 here at Taiwan and includes about seven categories of the formwork patent classification, and this is as shown in Table 4 . 
Patent information collection
PATENT INFORMATIONS ANALYSIS
Collection of patent information
The total number of formwork patents collected in this study is about 176. These patents consist of technologies for location of production, production means, materials and systems design. The inventive principles of TRIZ are used to analyze formwork patents so as to calculate the frequency of adoptions of the 40 invention principles. There are seven categories for construction industry. Fig. 2 shows the issue number of patents in Taiwan in 1975~2005. It's found from the figure that the peak happened in 2001 with 26 patents.
Analysis with TRIZ inventive principle
The patent analysts are trained with TRIZ analysis training course [12, 13] before conducting the analyses. Totally 447 TRIZ were found in the collected 176 patents. Averagely, each patent employs 2.54 invention principles. From Figure 3 , it shows the top five inventive principles most frequently used in the formwork patents are shown in It is found from the patents applied in formwork field that 'prior action' is the top one inventive principle; that is, some actions need to be taken before formwork activity in order to reduce the use of human power and time. The items in the second and third places are that 'different objects are assembled' or 'split into small parts', so that time and space effectiveness are enhanced in the mean time to increase the convenience of use. The items in the fourth and fifth places are that 'some object strengths or stabilities are increased' in the formwork in advance before the use of it; through such methods, the disassembly of the formwork after use can thus be more convenient or the performance of it during the use can be greatly enhanced. The descriptions with some examples of the above principles are shown as in Table 6 . In that patent, several holes are pre-installed on the formwork and several bolts are used to assemble several square formworks into a large formwork wall structure which is ready for grouting. Besides, cross reinforced rib boards are installed among the boards. (Principle 9, 10, 24, 35) 43926 Formwork structure which can be assembled rapidly.
A formwork which can be assembled rapidly, the formwork is installed with multiple blocks which extend toward both sides of the formwork so that the formworks can be rapidly assembled, besides, the blocks can be stops to prevent the collapse of the formwork, they provide the functions of easy assembly and disassembly of the formworks . 
DISCUSSION ON THE APPLICATION OF TRIZ
In searching of future formwork innovative directions, the study focuses on formwork automation. The conceptual evolution trend and direction are provided through the use of 'contradiction matrix' table of TRIZ. It is identified that the part to be improved is item 33 "Convenience of use" in the 39 engineering parameters, and item 35 "Adaptability" of TRIZ. First, the other 38 deterioration parameters corresponded to each parameter to be improved is statistically analyzed based on inventive principles. The priority of that parameter in the forty inventive principles is summarized [8] . The summarized inventive principles for those two parameters are thus combined to suggest the improvement direction. The result is shown in Fig. 4 . From  Fig. 4 , it is found that top five inventive principles are suggested first for future improvement of formworks, among them, "13. Inversion" appears 21 times, "01. Segmentation" and " 35. Transformation of properties" appears 18 times, "28. Replacement of mechanical system" appears 16 times, and "02. Extraction" appears 14 times. The descriptions of principles are as shown in Table 7 . The inventive principles of TRIZ in Table 7 are used to suggest future innovation of formwork engineering: (1) The application of the sub-principle of Principle 13-(B) in the formwork patent of construction industry informs that precast method will be the future innovative direction of formwork operation; concrete component is formed in advance in the pre-cast plant before it is delivered to the construction site, the basic principle is that the equipment and tools in the precast plant can be viewed as immobile and the precast concrete components are mobile. Through such method, construction convenience and automation can be achieved. The stay-in-place formwork is just another application example. (2) The application of sub-principle of Principle 1-(C), for example, the use of plastic formwork has the characteristic of light weight and convenient operation. Should reinforced ribs be added on the back side of the plastic formwork, the original drawbacks of weak strength of plastic formwork during the use can be improved. Deck formwork is the similar application example. (3) Principle 35 is the phase change of material. its applicability still needs to be studied. (4) For the application of sub-principle of Principle 28-(B), a magnetic monitoring system can be added to formwork so that the status information of formwork and concrete can be obtained, for example, the stress or temperature. (5) For the application of sub-principle of Principle 2-(B), it is to separate or isolate the key components of object, semi-precast method can be used to cast part of the component. Therefore, the strength of this component can be used in the construction site for supporting purpose, and the casting operation of the entire component is completed. This construction method has the following advantages: the reduction of supporting systems, shorten the construction time, increase safety and satisfy the level of automation.
-138- property from an object. This research has shown the potentials of TRIZ in formwork innovations, other construction technologies can also be analyzed with TRIZ to improve the performance of construction works.
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